In this work we obtain distortion theorem using fractional calculus techniques for a class Q n (α, γ, μ) which consists of analytic and univalent functions with negative coefficient in the unit disc.
Introduction
Let S denote the class of functions
which are analytic and univalent in U = {z : |z| < 1}. If a function f is given by (1.1) and g is defined by
is in S, then convolution or Hadamard product of f (z) and g(z) is defined by
Let T denote the subclass of S consisting of functions of the form
where D n f (z) denote usual n − th order derivative introduced by Ruscheweyh [9] . The class Q n (γ) was introduced and studied by Uralegaddi and Sarangi [1] .
We aim to study the class Q n (α, γ, μ) which consists of functions f ∈ T , and satisfy the conditions
The study here is motivated by S.K.Lee and S.B.Joshi [7] We note that, such type of classes consisting of functions of the form (1.4) was introduced and studied by Darus [6] .
2 The class Q n (α, γ, μ) Theorem 2.1 Let the function f be defined by (1.4) . Then f ∈ Q n (α, γ, μ) if and only if
1)
The result (2.1) is sharp for the function
Proof : Assume that the inequality (2.1) holds true and |z| = 1. Then we obtain
Hence , by maximum modules principle, f ∈ Q n (α, γ, μ).
and the proof is complete.
Application of the fractional calculus
Various operators of fractional calculus (that is ,fractional derivative and fractional integral) have been rather extensively studied by many researchers (c.f. [2] , [3] , [4] ). However, we try to restrict ourselves to the following definition given by Owa [8] for conveniency.
Definition 3.1 (Fractional Integral Operator). The fractional integral of order λ is defined, for a function f (z), by
where f (z) is an analytic function in a simply-connected region of the z −plane containing the origin, and the multiplicity of (z − ζ) λ−1 is removed by requiring log(z − ζ) to be real when (z − ζ) > 0.
Definition 3.2 (Fractional Derivative Operator).The fractional derivative of order λ is defined, for a function f (z) by
where f (z) is constrained , and the multiplicity of (z − ζ) −λ is removed, as in Definition 3.1.
Definition 3.3 Under the hypothesis of Definition 3.2, the fractional derivative of order
Next,we state the following definition of fractional integral operator given by Srivastava, Saigo and Owa [5] .
Definition 3.4 For real numbers β > 0, η and δ, the fractional operator, I
β,γ,δ 0,z is defined by
where f (z) is analytic function in a simply connected region of the z − plane containing the origin with order
and (λ) k is the Pochhammer symbol defined by
and the multiplicity of (z − t) β−1 is removed by requiring log(z − t) to be real when z − t > 0.
In order to prove our result concerning the fractional integral operator, we recall here the following lemma due to Srivastava, Saigo and Owa [5] .
Lemma 3.5 Let
Now making use of above Lemma 3.5, we state and prove the following theorem.
and
for z ∈ U 0 , where
The result is sharp and is given by
Proof. By using Lemma 3.5, we have
It is easily verified that h(k) is non-decreasing for k ≥ 2, and thus we have
Now, making use of Theorem 3.6, noting that δ(n, 2) is increasing function of n, we have
Hence, using (3.12) and (3.13), we have
which proves (3.7), and for (3.8) we can find that
Taking η = −β = −λ and η = −β = λ in Theorem 3.6, we get two seperate corollaries which are contained in; Corollary 3.7 Let the function f defined by (1.4) be in the class Q n (α, γ, μ). for 0 ≤ λ < 1, z ∈ U.The result is sharp and given by (3.16 ).
Then we have
D −λ z f (z) ≥ |z| 1+λ Γ(2 + λ) (1 − μ(α + (1 − γ)) (1 + μα)(2 + λ)(n + 1) |z|)(3.
